plants in prosthetic therapy in standard sites and in situations of advanced Switzerland atrophy or substantial loss of tissue. The ITI implant was developed for universal use in partially and completely edentulous patients and for replacement of single missing teeth. The abutment system offers the choice of both removable and fixed prostheses with identical secondary parts. The present article describes the use of ITI implants for prosthodontic re- pects of occlusion to be built up complete the overview.
For many patients, being edentulous must be regarded as a handicap with respect to oral function and psychosocial impact on quality of life. As a result, restoration of oral function through oral surgery and placement of implants is often welcome.
Long-term studies have demonstrated that the edentulous jaw can be restored successfully with implant-supported fixed prostheses (Zarb & Schmitt 1989 , 1990a , 1990b Adell et al. 1990; Quirynen et al. 1992) . The success rate has been defined at various times by various authors (e.g. Albrektsson et al. 1986; Smith & Zarb 1989; Buser et al. 1991; Albrektsson & Zarb 1993; Roos et al. 1997) , and different limits have been set for the upper and lower jaw: Ø95% and Ø90% after 5 and 10 years for the mandible and Ø90% and Ø85% for the maxilla, respectively. This definition of success has been first applied to fixed implant prostheses in the edentulous jaw. Nowadays it appears that mandibular implants supporting overdentures are particularly successful 108 (Batenburg et al. 1998) , whereas for maxillary implants an increased failure rate is reported. This increased failure rate has mainly been observed with Brånemark fixtures; for ITI implants the results of only a small number of patients are available. Recently, multicenter studies of ITI implants have reported on a small number of edentulous maxillary jaws that were restored and maintained successfully during a still-restricted observation period (Buser et al. 1997 (Buser et al. , 1999 .
Nowadays the use of implants has a great impact on the prosthodontic treatment of the edentulous patient. A variety of prosthetic designs associated with implant prostheses can be observed, and some new designs have emerged in response to the specific clinical conditions of the edentulous jaw provided with implants. Valid clinical methods and treatment strategies -involving the implant technology -exist to ensure the quality of prosthetic reconstruction. Hence, with regard to some special implant indications, specific prosthodontic principles are needed.
In many cases the treatment of the edentulous maxilla will require more elective procedures than are necessary for the mandible, particularly with respect to the following criteria: O degree of atrophy of the residual jaw; O prospective location of the implants and inclination of the implant axis; O tissue volume dimensions; O facial morphology; O esthetics; O function and phonetics. In general, the following criteria will determine the treatment planning of the edentulous jaw: O the prosthetic design will depend on the distribution of the implants over the arch, their location and their number; O the natural dentition or type of prosthesis in the opposing jaw will influence the implant-prosthodontic design; O the intermaxillary relationship has to be considered; O the occlusal scheme is influenced by all these factors; O esthetic considerations have to be involved. In the context of these criteria, implant prostheses must be planned, designed and managed for the edentulous jaw.
Indications for implants in completely edentulous jaws
The main objective of implants in the edentulous jaw is either 1) to avoid removable complete dentures by placement of implant-supported fixed prostheses or 2) to stabilize complete dentures by placement of implant-retained overdentures.
Local anatomic/morphologic conditions and general patient-related factors determine the choice of prosthesis. In general, more implants are required for support of fixed prostheses than for overdenture retention. Therefore, in many cases the indication for fixed prostheses will be limited due to inadequate structure of the bone, unless additional surgical procedures such as bone augmentation by graft procedures are used. This is particularly true for the maxilla, and implies a more specific patient selection than is necessary for simple implant-prosthodontic procedures of the mandible. Here, as well as in the case of advanced atrophy, a standard surgical and prosthodontic protocol can often be utilized.
Indications for overdentures
The indications may be different for the upper and lower jaw.
Mandibular overdentures
Mandibular overdentures supported by only a few intraforaminal implants are regarded today as a geriatric treatment modality. The indication comprises a large segment of older patients who will profit from implant-retained complete dentures if they lose their teeth in advanced age. In addition, mandibular overdentures may benefit older patients who, having had complete dentures for many years, lose their motor skills and no longer feel able to wear complete dentures.
This problem is observed much more often for the edentulous mandible than maxilla. Even with advanced atrophy, standard surgical implant procedures can be applied for mandibular overdentures. Reduced treatment goals -e.g. the placement of only two implants -will minimize the risk to patients and tissues.
The recent literature (for review see Batenburg et al. 1998 ) exhibits a high success rate for mandibular overdentures, with the use of different implant systems and a varying number of implants (Batenburg et al. 1994; Wismeyer et al. 1995; Spiekermann et al. 1995) . The success of using fewer (generally two) implants has been clearly demonstrated (Mericske-Stern et al. 1994; MericskeStern & Zarb 1993; Mericske-Stern 1990; Mombelli & Mericske-Stern 1990 ), but has not entirely become the standard clinical protocol in daily practice. Age itself is no longer regarded as a contraindication (Bryant & Zarb 1998) , and studies with ITI implants have demonstrated that mandibular overdentures are highly successful in older patient groups (Mericske-Stern & Zarb 1993; Cune et al. 1994; Zarb & Schmitt 1994 . Thus, mandibuar overdentures are a true alternative to fixed prostheses in terms of economics and time-saving procedures.
Maxillary overdentures
While most patients asking for mandibular overdentures are completely edentulous in both jaws, the maxillary overdenture is indicated for patients who have natural teeth in the opposing mandible or fixed or removable prostheses supported by implants and teeth.
Studies published in the last 5 years exhibit a surprisingly high failure rate for maxillary overdentures, i.e. over 20% (Jemt 1991; Jemt 1993; Jemt et al. 1996; Hutton et al. 1995) . This failure rate is significantly increased in comparison with fixed prostheses or mandibular implants. A critical analysis of the treatment outcomes revealed that the indication for overdentures was often given in an emergency situation (Palmqvist et al. 1994) , meaning that overdentures were a substitute for failing fixed prostheses and were prescribed if ade-quate placement of implants to support fixed prostheses was not possible (Jemt 1991) . Otherwise, in properly planned overdentures, an increased survival of implants was found (Bergendal & Enquist 1998; Widmark et al. 1998) . The marginal bone surrounding the implants was maintained at the same level as with fixed prostheses (Palmqvist et al. 1994 (Palmqvist et al. , 1996 , also in ridges with advanced atrophy.
One advantage of overdentures is that their utilization may be more consistent, with optimum placement of the implants with regard to the remaining bone structures. Full congruence of tooth position on the prosthesis and implant location is not necessary for overdentures. Fewer implants are needed than with fixed prostheses. Furthermore, requirements of extraoral esthetics such as facial support can be fulfilled and problems with phonetics and oral hygiene are often better resolved with overdentures. In fact, hygiene procedures are mostly facilitated with removable prostheses; however, under maxillary overdentures soft tissue hyperplasia may develop.
Indications for fixed prostheses
For the mandible, in many situations a fixed prosthesis or an overdenture can be suggested, according to the individual needs of the patient. Even in the case of advanced atrophy a screw-retained cantilever prosthesis may be mounted on 4 to 6 intraforaminal implants. For this type of reconstruction a full congruence of implant and tooth position is not required. If bone structure and bone quality are adequate, a fixed prosthesis with a crown-and-bridge design can be fabricated, supported by intraforaminal and posterior implants. Esthetic or speech problems are rarely encountered with any type of mandibular reconstruction.
While for the edentulous mandible both options -i.e. fixed and removable prostheses -can usually be offered, the anatomic-morphologic problems of the maxilla and esthetic requirements must be underscored and will determine the choice of the prosthetic design. A younger segment among patients with edentulous maxilla will ask for fixed bridgework. Patients asking for fixed implant-prostheses in the edentulous upper jaw often present with a full complement of natural teeth or fixed reconstruction in the opposing jaw. The inability to adapt to removable prostheses is based on psychosocial aspects and/or on adverse morphological conditions of the oral cavity which would hinder wearing complete dentures. A screw-retained cantilever prosthesis is not frequently recommended for the maxilla, due to esthetic problems and impaired hygienic procedures. In most cases a combination of several 110 of the following aspects will determine the respective treatment plan: Favorable conditions related to bone quantity and quality for elective placement of multiple implants are required for fixed bridgework. Clinical experience today shows that the soft tissue may be managed successfully in case of one single-tooth replacement (Belser et al. 1998; Salama et al. 1995) . Recreating a well-contoured soft tissue border around implants over an entire dental arch has not yet been documented to be practicable. With fixed prostheses, in contrast to overdentures, phonetic problems have been reported (Jemt 1991; Jemt 1994; Lundqvist et al. 1992 ). In addition, compensation for lost hard and soft tissue becomes difficult (Albora 1997) and is a problem that requires special attention in the planning phase. The intermaxillary distance between the incisal edge of the lower teeth and the contour of the maxillary jaw should not exceed 15 mm, otherwise the teeth will become too long and an overdenture would be a better indication. A low lip-line (no gummy smile) is advantageous for fixed prostheses with regard to esthetic and cosmetic demands for the upper jaw. Complex skeletal, alveolar and occlusal conditions such as skeletal class 3 may determine the choice of a removable prosthesis. With respect to various extraoral and intraoral diagnostic criteria, overdentures may often become the preferred option if the maxillary jaw is restored with implants. Table 7 .1 gives an overview of the intra-and extraoral diagnostic criteria for the choice of fixed or removable implant-supported prostheses in the edentulous maxilla.
Number of implants and choice of prosthesis
The number of implants to be placed depends on the type of prosthesis and the choice of prosthetic design. Conversely, the number of implants that can be placed with respect to anatomic-morphologic conditions will determine to a certain degree the type and design of prosthesis. Additionally, the size, curvature and shape of the ridges determine the distribution of the implants over the arch.
Mandibular overdentures
For the placement of mandibular overdentures in edentulous older patients wearing complete den- tures, two to four interforaminal implants will serve the purpose and satisfy the patients' demands. There is no scientific evidence that failures occur more often with a small number of implants, namely two for overdenture retention. Single attachments or bars can be mounted. If, due to advanced atrophy, the implant length becomes ∞8 Fig. 7 .1. The distribution of intraforaminal implants depends on the shape of the ridge. a) Bar connector would interfere with space for tongue. Ball anchors are suggested; however, this will result in a hinging movement. Implants located in more anterior position: this may result in inadequate length of the bar. b/c) Three or four implants with a connecting bar are in better harmony with the shape of the ridge. Four implants allow for fixed prosthesis. d) Two anterior implants with a connecting bar of adequate length. e) U-shaped mandibular jaw with large curvature will allow for placement of four implants and a connecting bar. f) This configuration is also favorable for mounting of a fixed screw-retained cantilever prosthesis. g) Alignment of the implants in a rather straight line does not favor fixed prostheses.
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mm, or if narrow, thin ridges require a reduced implant diameter (3.3 mm), the use of three or four implants is recommended. In the presence of large or V-shaped anterior ridges, three to four implants will provide for a more favorable design of the bar and the prosthesis. It is not necessary to recommend four intraforaminal implants for mandibular overdentures as a standard procedure. It must be taken into account that bar segments may become rather short, and short female bar retainers are subject to frequent loosening or loss. The length of the bar segments should not be less than 15 mm, and can range from 15 to 25 mm. If four intraforaminal implants are placed they must be well spaced, or as an alternative a cantilever-fixed prosthesis can be mounted. 
Mericske-Stern et al.

Maxillary overdentures
The actual state of the art for maxillary overdentures is to adopt the biomechanical and technical concept of fixed prostheses-namely, multiple implants and a rigid connection of the prostheses to the implants. In the maxilla most often bone quality and quantity are not favorable: i.e. according to the criteria of Albrektsson et al. (1986) , degree of atrophy corresponds to class C and D. Four to six well-spaced implants, evenly distributed over the arch and connected by a bar, will enhance the stability of the overdenture. The implants are mostly located in the anterior part of the upper jaw, between the first premolars. Thus, additional surgery such as sinus floor elevation can be avoided in many cases. The implant length should preferably be Ø10 mm, and a standard diameter of 4.1 mm is suggested. The literature provides evi- Fig. 7 .3. Distribution of maxillary implants for overdenture connection. a) Use of two implants is not the standard procedure. In this situation only ball anchors are suggested; a bar would interfere with the space of the tongue. b) Four implants, well distributed, with a sufficient length of bar segments. c) A bar cannot be recommended. It would result in a hinging movement. d) Four implants, often located in an anterior position due to the extension of the sinus. e) Depending on the specific anatomic situation, the bar may be divided into segments. An irregular number of implants can also be used. f) In rare cases, more bone is available in the posterior part of the maxilla. Parallel placement of two separate bars might be recommended. dence of an increased failure rate for short implants. Therefore, the use of implants which are ''non-standard'' in length or diameter must be compensated for by a sufficient number of standard-sized implants. A connecting bar cannot be mounted to two implants in the maxilla, due to the anatomic-morphologic conditions. Thus, the use of two maxillary implants for overdenture support is rarely recommended. The use of two ball anchors results in a hinging movement of the denture that may cause discomfort. O the minimum number of implants is preferably not less than four; O using two implants is not a standard procedure; O the implants should be evenly distributed over the arch; O implants of 6 mm length should be avoided; O implants with a reduced diameter (3.3 mm) have to be combined with implants of standard diameter. Fig. 7 .3 gives an overview of the distribution of maxillary implants for overdenture connection. A clinical situation with maxillary implants for overdenture connection is shown in Fig. 7 .4.
Fixed prostheses in the mandible and maxilla A typical feature of the mandibular fixed cantilever prosthesis is 4 to 6 interforaminal implants. Congruence of implant location and tooth position is not necessary. This type of prosthesis is favored by a distinct anterior curvature of the jaw. If the implants are aligned on a straight anterior line this will result in a biomechanically unfavorable situation for loading and designing of the prostheses. The material and characteristics resemble removable partial dentures. The prosthesis often has shortened dental arches.
For placement of full-arch bridgework the most important prerequisite is the congruence of im- 
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over, depending on individual oral conditions, shortened dental arches may be considered, if fixed bridgework is placed. Again, if implants with ''non-standard'' size are selected this should be compensated for by including implants of standard lengths and diameters. The fixation of the bridgework can be performed by screw retention or by cementation. While screw retention is more likely to be feasible in the mandible, with perpendicular implant axes and good access to the screw holes, this may be difficult in the maxilla, where divergent implant axes are observed.
O ±4 implants are necessary (6 to 8 implants); O one implant per one missing tooth is not necessary; O congruence of implant and prospective tooth position is necessary; O bridgework with a segmented design can be fabricated. Table 2 summarizes the suggested numbers of implants related to different types of prostheses. Fig.  7 .5a shows mandibular implants for fixed prostheses, and Fig. 7 .5b shows maxillary implants for fixed prostheses.
Treatment planning
Prosthodontic treatment of the edentulous patient or jaw with implants is demanding because it usually implies a complete rehabilitation of oral structures and facial morphology. Treatment planning is the first and most important step in clinical implantology with respect to surgical, prosthodontic and laboratory procedures. Optimum placement of the implants in the bone must not interfere with esthetics and a correct design of the prosthesis. Intraoral and extraoral diagnosis is followed by assessment of the old dentures with regard to vertical dimension of occlusion, function and esthetics. Alginate impressions and panoramic radiographs should complete this first step of plan- ning. Metallic markers are helpful landmarks for assessment of the prospective implant location and for diagnosis of anatomic structures of the edentulous jaw. During the non-submerged healing phase, provisional dentures must be carefully adapted for temporary use to protect the implants from inadvertent loading. Clinical studies give evidence of a highly successful non-submerged healing period (Mericske-Stern et al. 1995; Behneke et al. 1997; Buser et al. 1997 Buser et al. , 1999 . Only well-fitting old dentures may be used. This preliminary clinical and radiographic diagnosis determines whether the envisaged therapeutic measures can be performed. More detailed information about individual oral conditions is necessary if extended implant overdentures of the maxilla and/or fixed bridgework are planned.
Mandibular overdentures
Lateral radiographs are not necessary but may provide useful information about the shape and lingual profile of the mandibular bone. If radiographic templates with markers are fabricated for panoramic radiographs these can be adapted and used as surgical templates. Existing old dentures may be used as surgical templates as well. Fig. 7.6 114 shows a panoramic radiograph with metallic markers for quantitative analysis of bone. In Fig.  7 .7, a template is used as the surgical guide.
Overdentures in the maxilla and fixed prostheses in the maxilla or mandible These types of reconstruction usually require a more specific treatment plan (Mericske-Stern 1998). The prosthodontic treatment of the maxilla with implants is challenging and determined by inherent problems that have been presented in anecdotal case reports (Hallmann & Carlsson 1996) . These are: divergent implant axis, long teeth, wide interdental spaces, missing congruence of implant location and tooth position, and buccal access to the occlusal screw. Such adverse morphological effects can be more easily eliminated with the utilization of overdentures instead of fixed prostheses. Nonetheless, treatment planning, particularly for the maxilla, usually has to consider both treatment options -fixed and removable prostheses -because patients often ask first of all for fixed prostheses. A tooth setup in wax should be performed for planning of fixed prostheses, and will ultimately determine whether the edentulous jaw can be restored with bridgework or overdentures should be used.
Mounted casts and the tooth setup are used to consider aspects of design, and to assess function, occlusion and esthetic aspects of the prospective reconstruction, such as vertical dimension of occlusion, relationship of maxillary to mandibular jaw, occlusion, phonetics, facial support and cosmetics. The orientation index obtained from the tooth setup is utilized to analyze dimensions of tissue volume and to compare the prospective implant and tooth axis. The tooth setup is further used to fabricate templates for radiographs with markers, to fabricate surgical templates and guides, and to fabricate temporary dentures if necessary. Existing well-fitting and esthetically pleasing dentures can fulfil the same purpose. For the maxillary reconstruction, a CT-scan combined with a radiographic template and markers that correspond to the prospective tooth position, as determined by the setup, is strongly suggested but is optional for the mandible. Surgical guides are fabricated from radiographic templates or existing dentures. Temporary dentures are adapted from existing dentures or fabricated from the wax setup. Thus the setup is utilized for:
O diagnosis: esthetics, cosmetics tooth length and tooth position, prospective implant axis function and phonetics occlusion, and occlusal plane vertical dimension of occlusion denture design;
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O fabrication of radiographic templates; O fabrication of surgical guides; O fabrication of temporary dentures during the healing phase. Table 7 .3 gives a summary for treatment planning. Figs 7.8a, b and c show casts mounted into the articulator with the corresponding tooth setup and orientation index for assessment of intra-and extraoral esthetics with the patient. In Fig. 7 .9a and b, a template and CT-scan are shown. The use of surgical guides fabricated from the tooth setup is demonstrated in Fig. 7 .10.
Abutment selection and impression technique Overdentures and fixed prostheses
Retrievability of all types of prostheses is often recommended for the completely edentulous jaw. Thus, screw retention or cementation with provisional materials is the preferred procedure. Retri- 
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evability is advantageous in case of any complication. In the presence of multiple implants, the removal of one implant will not necessarily lead to changes in the prosthetic superstructures. All retention devices used for removable prostheses with the ITI system, such as bars or retentive anchors of overdentures, are retrievable. The octa abutment and the corresponding set of prefabricated, secondary parts for clinical and laboratory procedures can be used in all indications, i.e. overdentures and fixed prostheses. This abutment ensures optimum precision in clinical and laboratory procedures, be it in conjunction with the standard implant type or the new Synocta A system. The octa abutment's design, in combination with prefabricated gold copings for the bar, is likely to facilitate good oral hygiene and to avoid plaque accumulation. Full-arch fixed prostheses may be screw-retained. However, the octa abutment also allows for fabrication of individual cast abutments with optimum parallel alignment and correction of non-parallel implant axes. As a consequence, such individual abutments require the cementation of the reconstruction.
Use of the double impression technique is ad- 
Retention devices and design of prostheses Overdentures
If mandibular overdentures are connected to two implants, either a u-shaped bar (rigid retention mechanism), an egg-shaped Dolder bar (stressbreaking retention mechanismΩhinging movement) or ball anchors (stress-breaking retention mechanism) may be selected. Short distal cantilevers (5-7 mm) may be added to rigid bars, but their total lengths must be shorter than the central bar segment and are not thought to compensate for inadequate length of the central bar segments. They must not be extended beyond the distal part of the first premolar. A cast metal framework to obtain sufficient stiffness and a thin lingual denture flange may reinforce the denture base. For geriatric patients, particularly those with retentive anchors, this may not be necessary. With multiple implants, the maxillary overdenture becomes mostly implant-supported regardless of the retention device and bar design. Therefore, for multiple implants, rigid bars are always recommended and a cast metal framework must re-inforce the denture base to ensure stability and stiffness (Mericske-Stern 1998a). Four to six implants connected by a rigid bar provide high stability and a maximum of support. The overdenture itself has a horseshoe design. This is well tolerated by patients, also from a psychological point of view, because the feeling of wearing complete dentures is absent. An individually cast metal framework is mandatory for a horseshoe design of the maxillary overdenture and provides for adequate stiffness and rigidity of the overdenture. The palatal seal is cast in metal. Female bar retainers are not soldered to the cast metal framework, but rather are mounted in the acrylic denture base. This facilitates prosthetic services like tightening or renewal of retainers. The use of ball anchors with maxillary overdentures is not standard and has the character of a long-term provisional restoration. Full coverage of the palate may become necessary. The connection of overdentures to ball anchors is more favorable if parallel alignment of the implant axes is achieved. With pronounced divergence of the axes, stable fit is not achieved through the female parts.
Based on biomechanical studies with mandibular implants, it has been concluded that rigid bars provide the best distribution of forces in a vertical direction onto the implants (Mericske-Stern et al. 1996a , 1996b Mericske-Stern 1998b) . It seems that short distal cantilevers do not negatively influence the force pattern (Mericske-Stern 1997). With three implants, force magnitudes measured on the central implant are lower in a vertical direction than in a transverse direction . In vivo force measurements with maxillary implants connected by a rigid bar or supporting full-arch bridgework have been shown to result in mostly identical force patterns and force magnitudes for both types of prosthesis . From this study the authors concluded that the splinting effect of bars connecting multiple implants might resemble fixed prostheses. 
Screw-retained cantilever prostheses
A screw-retained fixed cantilever prosthesis is a favorable alternative to overdentures in the mandible, especially for a younger segment of the older population. It is less expensive than a ceramic bridgework. High precision of fit is achieved by fixation of the titanium copings into the framework. The cast framework can either be a gold alloy or a non-precious alloy. The design is consistent with perioprosthetic requirements and the esthetic appearance is not impaired. However, greater manual skills are necessary for daily hygiene procedures than with removable overdentures. The design cannot be recommended for the maxilla for esthetical and functional reasons. Speech problems may arise and a buccal flange becomes necessary to hide the metal structures of the denture or the implant shoulder. The selection of this prosthetic design is based on the morphologic condition of the mandible and the distribution of the implants over the arch. Fixed bridgework: screw-retained or cemented A fixed bridgework in the maxilla, whether with screw retention or cemented to individual cast abutments, requires congruence of implant location and tooth position. The framework usually is cast from a gold alloy, either with ceramic or acrylic veneers. If the implants are evenly distributed over the entire jaw, a full-arch bridgework can be segmented (i.e. two pieces). This will enhance precision of passive fit of the framework and avoid a splinting effect that might cause discomfort due to its high rigidity. The bridgework favors the criteria 120 of a perioprosthetic design. While hyperplasiaparticularly in the maxilla-of the soft tissues is more often observed with an overdenture, the change to a fixed bridgework will lead to shrinkage of the soft tissue . The use of individual cast abutments requires cementation. With regard to the occlusal surface of the teeth this may even be advantageous, since no access for the occlusal screw has to be built up. This may also improve the esthetic appearance of the prosthesis. One disadvantage is that in some cases it may not be possible to remove the prosthesis even though provisional cement has been used. Fig. 7.19 . a) Porcelain-to-gold fused bridgework, screw-retained (same case as Fig. 5a ). Access holes for screw retention are visible. Bridgework shows optimum congruence of tooth and implant position. b) Bridgework is cast in two pieces and connected by a precision attachment, which provides resilience in vertical direction. O 2 implants and mandibular overdentures: bars or single anchors for overdenture retention; O ±2 mandibular implants: rigid bar connector and overdenture; O Ø4 mandibular implants: rigid bar or cantilever fixed prostheses; O 4 to 6 maxillary implants: rigid bars with overdentures; O 6 to 8 maxillary implants: full-arch fixed bridgework, segmentation possible. In Figs 7.18a-e, individually cast abutments mounted on six maxillary implants and cemented fixed bridgework are shown.
Figs 7.19a and b show fixed bridgework, screwretained on six mandibular implants with an octa abutment. Fig. 7 .20 gives an overview on the sequence of tightening of occlusal screws if a bar or a fixed prosthesis is mounted on multiple implants.
Indications for individual cast abutments include unacceptable access to the occlusal screw through the occlusal surface of the teeth or occlusal and cosmetic reasons. Individual cast abutments are preferred instead of prefabricated angulated abutments, and have the function of telescopes. Telescopes in conjunction with removable prostheses may be indicated if no space is available for mounting a bar.
Esthetics and compromised situations
While esthetic demands can easily be fulfilled in the edentulous mandible, the edentulous maxilla requires special attention. In implant dentistry, esthetics is a subject mostly related to the cosmetic appearance of fixed prostheses that replace missing teeth in the visible anterior zone. Removable prostheses are often regarded as a therapy of low quality, and esthetic aspects are rarely discussed. However, the rehabilitation of completely edentulous patients implies restoration of facial morphology and esthetics. This often requires removable prostheses with buccal denture flanges. Careful treatment planning in conjunction with individual prosthetic therapy may result in excellent esthetics of removable prostheses as well, as shown in Figs 7.21, 7.22a-c.
The problem of rehabilitation of facial esthetics and morphology is still more pronounced in com- promised situations. Compromised oral conditions such as acquired defects (trauma, malignant tumors) or congenital defects (cleft palate) may lead to full disability and the impossibility of wearing complete dentures ). This includes impairment of phonetics, chewing function and extra-and intraoral esthetics. Thus, placement of implants to support individually cast prostheses becomes highly important. In these situations, removable prostheses are often the better or only solution. Since size, extension and 
Occlusion
There exist two basic principles of occlusion that apply to an occlusal scheme of either complete dentures (i.e. bilateral guidance and lingualized occlusion) or fixed prostheses (i.e. freedom in centric, with lateral guidance on the working side and no balancing contacts; the lateral guidance is a canine-protected guidance or a group function). These empirical occlusal schemes were originally developed for rehabilitation of complete edentulousness with complete dentures or natural teeth with fixed prostheses. They are adopted with minor modifications for implant prostheses.
In implant prosthodontics a specific evidencebased occlusal philosophy has not yet been developed. However, there are a few specific rules, which may favor optimum load distribution onto the implants and ensure stability of the dentures. The greater the number of implants placed and the greater the rigidity of the prosthetic connection achieved, the more the occlusal scheme may resemble freedom in centric. From a biomechanical point of view, however, a balanced occlusal guidance as utilized with complete dentures might favor equilibration of occlusal loads due to simultaneous contacts on the working and non-working sides.
123 Fig. 7.25 . 1) Bilaterally balanced occlusion. 2) Bilaterally balanced occlusion, biting on front teeth is possible. 3) Canineprotected guidance is possible, combination with front teeth guidance recommended. However, balancing contacts might contribute to higher stability of max. overdenture. 4) Bilaterally balanced occlusion is necessary for stabilizing max. complex denture. However, balancing contacts on cantilevers must be avoided. 5) Max. overdenture with long bars: balanced contacts may not be necessary. However, if balancing contacts are planned, these must be avoided on cantilevers. Group function may be recommended (combination of canine and premolar or front teeth). 6) Canine-protected guidance is possible. However, group function may be recommended to avoid overload of implant located in position 13 and 23.
Occlusal conception of complete dentures Indications for a bilaterally balanced occlusion are a combination of mandibular overdentures supported by a few implants occluding with a complete denture in the opposing jaw, or mandibular overdentures occluding with maxillary overdentures. This type of balanced occlusion provides for primary stability of the dentures during functional loading. It also permits an even distribution of load between implants and denture-bearing tissues. The characteristics are:
O cusp-to-fossa contacts in centric occlusion; O lingualized occlusion; O bilateral guidance, i.e. simultaneous guidance on working and non-working sides.
Freedom in centric
Indications are multiple implants supporting bridgework and occluding with fixed prostheses or natural teeth. With fixed prostheses rigidly supported by multiple implants, the concept of freedom in centric can be applied unless a complete denture is worn in the opposing jaw. It is strongly suggested that the lateral guidance of the working side should not be exclusively on a single tooth or implant. While a canine-protected lateral guidance is easy for the technician to build up, a group function may have a better protective function for the implants and may distribute loading forces equally to the suprastructure. Balancing contacts as built up with complete dentures, although not prescribed with freedom in centric, may also contribute to load distribution, but they must be avoided on cantilevers. Examples are shown in Fig. 7 .25.
O Canine-protected lateral guidance or group function; O no balancing contacts on cantilevers; O no guidance on single implants.
